Ranking competing alternatives in terms of their overall performance with respect to some criterions in fuzzy environment is possible by the use of fuzzy TOPSIS methodology using interval-valued fuzzy-sets concepts. This author presents an effective fuzzy multi-criteria method based upon the fuzzy model and the concepts of positive ideal and negative ideal solution points for prioritizing alternatives using inputs from a team of decision makers. The fuzzy sets concepts are used to evaluate the performance of alternatives and the importance of criteria. Fuzzy TOPSIS based on the interval-valued fuzzy-sets is fully described and a case study on RFID comprised of four main criteria and five alternatives is constructed and solved by the proposed extended TOPSIS method. The TOPSIS methodology used in this article is able to grasp the ambiguity exists in the utilized information and the fuzziness appears in the human judgments and preferences. TOPSIS technique can easily produce satisfactory results, and hence stimulates creativity and the invention for developing new methods and alternative approaches. This article is a very useful source of information for Fuzzy TOPSIS based on the interval-valued fuzzy sets and extends the area of application of RFID technology in general. Due to the fact that a better management of a system is related to the full understanding of the technologies implemented and the system under consideration, sufficient background on the methodologies are provided and a case study is developed and solved by the proposed method.
INTRODUCTION
The single most important decision faced by management when dealing with multiple objectives is the selection of an appropriate solution, which optimizes the proposed criteria simultaneously. Therefore, it is hardly surprising that much of the literature on operations research focuses on the Multiple Objective Programming Problems. Modeling real world problems with crisp values under many conditions is inadequate because human judgment and preference are often ambiguous and cannot be estimated with exact numerical values (Chen [1] ; Chen, Lin, & Huang [2] ; Kuo, Tzeng, & Huang [3] ). There are ways to rank competitive alternatives but ranking competing alternatives in terms of their overall performance with respect to some criterions in fuzzy environment is possible by the use of fuzzy TOPSIS methodology.
TOPSIS was first introduced by Hwang and Yoon [4] in 1981. The TOPSIS approach is based on the idea that the chosen alternative should have the shortest distance from the positive ideal solution (PIS) and the farthest from the negative ideal solution (NIS) for solving multiple-criteria decision making problems. In short, the ideal solution is composed of all the best criteria, whereas the negative ideal solution is composed of all the worst attainable criteria (Chu et al. [5] ). The TOPSIS procedure consists of the following steps (Tzeng et al. [6] ):
1. Identify the decision matrix 2. Calculate the normalized decision matrix 3. Calculate the positive ideal (PIS) and negative ideal solutions (NIS) 4. Calculate the distance measures from PIS and NIS 5. Calculate the aggregated distance measures 6. Calculate the closeness coefficients of the alternatives.
As a Multi Attribute Decision Making (MADM) tool, TOPSIS has reached to a high level of popularity among the researchers and practitioners for the reasons given below:
1. It is intuitive, easy to understand, and can be modeled and solve by the consultants and managers using simple computer codes or Lotus/Excel worksheets. These features are fundamentally very important for the implementation of the methodology by the practitioners who are not very deep in the knowledge of MADM.
It allows the straight linguistic definition of weights and
ratings under each criterion, without the need of cumbersome pair-wise comparisons and the risk of inconsistencies.
3. distances from the positive ideal solution and negative ideal solution points. 4 . The performance is slightly affected by the number of alternatives and rank discrepancies are amplified to a lesser extent for increasing values of the number of alternatives and the number of criteria (Zanakis et al. [7] ; and Triantaphyllou et al. [8] ). 5 . It is one of the best methods for addressing rank reversal issue that is the change in the ranking of alternatives when a non-optimal alternative is introduced. This feature is largely appreciated in practical applications (Bottani and Rizzi [9] ). 6 . TOPSIS top rank reversal has been proved to be insensitive to the number of alternatives and has its worst performance only in case of very limited number of criteria (Zanakis et al. [7] ; and Triantaphyllou et al. [8] ).
The presence of uncertainty and fuzziness in decision making problems had brought to surface the problem of decision makers' unwillingness to provide precise numbers in multi attribute models. Decision makers often feel comfortable providing intervals for specific models as input parameters instead of precise numbers. Grattan [10] had come to this conclusion that the presentation of a linguistic expression in the form of fuzzy sets is not enough for true decision making all the times. Later, Gorzaczany [11] and Turksen [12] have proposed the interval-valued fuzzy sets that can be used instead. Wang and Li [13] defined interval-valued fuzzy numbers and gave their extended operations.
FUZZY SETS AND ARITHMETIC OPERATIONS
Human's logic can take the advantages of the concepts and knowledge that do not have well-defined borders (Yen and Langari [14] . Fuzzy logic was first introduced by Zadeh to answer such important challenges (Zadeh [15, 16, and 17] ). Fuzzy logic is comprised of a wide spectrum of theories and techniques mainly constructed upon the concepts of fuzzy sets, linguistic variables, probability distribution (membership function), and fuzzy if-then rules (Yen and Langari [14] ). Fuzzy sets and linguistic variables are widely used as two fundamental concepts in qualitative assessments.
A fuzzy set is a set that is comprised of elements with the degree of membership of  . When required data are quantitative then those can be expressed in terms of exact numbers but when research is being performed in the qualitative environment and the knowledge associated with that are vague and ambiguous data may not be expressed as exact numbers. Most often, researchers have claimed that managers cannot use an exact number to express their opinion about a situation instead a linguistic assessment is used to represent that specific numerical value (Herrera [18, 19] ), and Kacprzyk [20] . As Zadeh [15] has said, a realistic approach is the utilization of linguistic terms such as "true", "highly true", "more true", "less true", "false", "probably false", and… instead of real numbers. Hence, values can be expressed in linguistic terms which present more exact assessment of the situation (Zadeh [15, 16] ). Often, a proper linguistic variable is being set up for the explanation of the ambiguity and vagueness associated with the domain of the problem. Then, the concept of the expression would be determined using fuzzy numbers defining through [1, 0] using a membership function. Since linguistic assessment is approximate, triangular and trapezoidal membership functions seem to be more appropriate for responding to the ambiguity of these assessments (Delgado et al. [21] .
Many researchers have shown that fuzzy membership function can reflect the relative importance of linguistic words in mind (Dyer and Sarin [22] . Therefore, we can apply fuzzy membership function approach for transforming linguistic beliefs into numbers in interval scale. The applicability of such approach have become more and more clear for the users of important fields as such as information retrieval (Bordogna and Pasi [23] , medical information gathering and retrieval (Degani and Bortolan [24] , education (Law [25] , suppliers selection (Herrera [18, 19] ), and decision making, in general.
While crisp data are inadequate to model the real life situations in MCDM, we apply linguistic variables to specifically describe the degrees of a criterion. In order to facilitate the making of subjective assessment by the decision makers (DM) using fuzzy numbers, two sets of linguistic terms are used for assessing criteria weights and performance rating on each qualitative criterion respectively. A linguistic variable is a variable which apply words or sentences in a natural or artificial language to describe its degree of value, and we use this kind of expression to compare each criteria by linguistic variables in a fuzzy environment as ‗‗extremely important‖, ‗‗very important‖, ‗‗important‖, ‗‗very unimportant‖, and ‗‗extremely unimportant‖ with respect to a fuzzy five level scale.
A real fuzzy number A is described as a fuzzy subset of the real line R with member function A f that represents uncertainty. A membership function is defined from universe of discourse to [0, 1] . A triangular fuzzy number can be defined as a triplet (a, b, c). Therefore, a membership function of the fuzzy number A is defined as (1) Using this representation, we can do arithmetic operations on fuzzy numbers very simple and quick. With the notations given above the arithmetic operations of (+), (-), (x), and (  ) on fuzzy numbers are defined as follows:
The inversion of a fuzzy number and the multiplication of constant times a fuzzy number are done according to following formula:
The distance between fuzzy numbers of ) , , ( 
FUZZY TOPSIS
The studies done by Chen and Hwang [26] , and Negi [27] [35, 36, 37, and 38] and his research team proposed a hierarchical fuzzy TOPSIS method that has ability to consider the hierarchy among the attributes and alternatives. This method provides greater superiority to classical fuzzy TOPSIS methods (Kahraman, et al. [37] . Other researchers have employed TOPSIS and applied that to areas as such as company financial ratios comparison (Deng et al. [39] , facility location selection (Chen and Tzeng [40] , assessment of service quality in airline industry (Tsaur et al. [41] , manufacturing plant location analysis (Yoon and Hwang [42] , Robot selection (Parkan and Wu [43] ), and TQM Consultant selection (Saremin et al. et al. [44] to mention some. Chu and Lin [45] have proposed a fuzzy TOPSIS approach for robot selection where the ratings of various alternatives under different subjective attributes and the importance weights of all attributes are assessed in linguistic terms represented by fuzzy numbers. They have presented an integrated fuzzy group decision-making method in order to deal with the fuzziness of preferences of the decision-makers.
Abo-Sinna [46] extended TOPSIS approach to solve multiobjective dynamics programming (MODP) problems. He has showed that using the fuzzy max-min operator with nonlinear membership functions, the obtained solutions are always nondominated solutions of the original MODP problems. [39] formulate the inter-company comparison process as a multi criteria analysis model, and presented an effective approach by modifying TOPSIS for solving such problem. Chen [1] extended the concept of TOPSIS to develop a methodology for solving multi-person multi-criteria decision-making problems in fuzzy environment.
A comparison of the fuzzy TOPSIS methods in the literature is given in Table 1 . The comparison includes the computational differences among the methods. In this paper, we prefer Hwang and Yoon's [4] fuzzy TOPSIS method since the other fuzzy TOPSIS methods are derived from this method with minor changes.
Table 1: A comparison of fuzzy TOPSIS methods from the literature (Kahraman et al.) [37]
Using the concepts of fuzzy sets theory and linguistic values, author presents a systematic decision process based on the TOPSIS method under fuzzy environment. This work extends the concept of fuzzy TOPSIS interval-valued with multi decision makers in the sense that it makes calculations for each decision maker separately and then combines the distances obtained for each decision maker and then uses a combined formula to get the final distance. The practicality of the proposed model is demonstrated using a case study. The rest of this paper is structured as follows: section 4 discusses the interval-valued fuzzy TOPSIS briefly. Section 5 is devoted to the description of the step by step algorithm for interval-valued fuzzy TOPSIS. A case study is discussed in section 6. Author's conclusion is given in section 7.
INTERVAL VALUES FUZZY TOPSIS
In many cases the utilization of crisp values is not sufficient enough to model a real world situation. This is mainly because human judgment and preference are often ambiguous and cannot be estimated with exact numerical values (Chen [ [58] for the CLINAID system, Gorzaczany [11] in approximate reasoning, Turksen [59] and [60] ) in interval-valued logic and in preference modeling [12] . Based upon the definition of the interval-valued fuzzy set in 1986, an interval-valued fuzzy set A defined on (−∞, +∞) is given as: 
AN ALGORITHM FOR INTERVAL VALUES FUZZY TOPSIS
Prior to the description of the fuzzy TOPSIS algorithm it is important that readers get familiar with data type, decision matrix, decision making process, variables, and the steps necessary to go through to make a sound decision. For the sake of space, author describes these key elements while describing the steps of algorithm.
Step 1 (Decision Matrix and Weight development)
The very first step of the TOPSIS algorithm is the determination of the decision matrix. This matrix has m rows and n columns, where m represents the number of alternatives to be ranked, Ai, (i = 1,.., m), and n represents the number of Definitions of linguistic variables for the importance of each criterion 
Step 3
Identify Step 5 Two ideal solutions points known as positive ideal and negative ideal solution points are of highly concerned in the decision making process. The decision maker feels to stay away as far as possible from the negative ideal solution point and as close as possible to the positive ideal point. Although, these solution points are unreachable in reality they are of very concern and important to the decision maker. Therefore, The distances from the positive ideal solution and negative ideal solution point are calculated according to the following formula, respectively: 
Step 6 (Overall distance from positive ideal and negative ideal points) To derive group preferences provided by multiple decision makers and combine the group synthesis and prioritization stages into a single integrated stage, the geometric mean with the modified TOPSIS approach is employed. The overall separation measure is calculated as:
Step 7 (Relative closeness to the ideal) Now, the relative closeness can be calculated as follows:
) ( 
CASE STUDY
For various reasons firms are reluctant to adopt RFID as a part of their internal systems. This is because of uncertainty regarding the payoff that will (or might) result from the adoption (Reyes et al. [61] ; Dutta et al. [62] ). Central to this uncertainty are risks accompanying adoption that can be grouped into two broad areas -uncertainty with regard to the requirements and capabilities of the technology itself and uncertainty with regard to the effects of the technology on inter organizational relationships (Cannon et al. [63] ). Due to the fact that at the present time RFID is still in its early stages of development and acceptance by the management of large and small companies there are large number of questions that are unanswered with regard to its actual or potential use.
This technology can save billion of dollars for the world businesses specially the first world countries that are ready to use that. RFID is used to develop intelligent highways (Legg, [64] ), transport construction materials (Naresh et al. [65] ), in manufacturing to monitor the factory level (Labs, W. et al. [66] ), in agriculture and food industry (Wang, et al. [67] ), in supply chain management (Lin et al. [68] ), and (Naim et al. [69] ), in service sector (Lee et al. [70] ), in product design (Repo, [71] ), in managing restaurant (Ngai [72] ), in supply chain systems with mobile monitoring capability (Ngai [73] ), (Wamba [74] ), (Wamba [75] , in logistic (Chow, et al. [76] , and Estifania [77] ), in healthcare (Zare Mehrjerdi [78, 79, 80] , for Library management and cost control (Zare Mehrjerdi [ 81, 82, 83] , and for monitoring and tracking live animals (Wismans, [84] ).
With the analysis performed from the articles above it is concluded that the most appropriate types of alternatives that should be taken into consideration are those that relates RFID systems and barcode systems together. This is because of the power of the barcode and its popularity at the present time. Barcode is going to stay for a long time and will not disappear overnight. This is because the barcode system is less expensive to setup, manage, work with, and it is in use all around the world. Hence, this research is up to putting to vote the following RFID-based-mixed-systems as alternative to the team of decision makers:
1. System type 1: a system with 100 percent RFID power and 0% barcode capability 2. System type 2: a system with 70 percent RFID power and 30% barcode capability 3. System type 3: a system with 60 percent RFID power and 40% barcode capability 4. System type 4: a system with 50 percent RFID power and 50% barcode capability 5. System type 5: a system with 40 percent RFID power and 60% barcode capability This means stage by stage conversion from barcode system into the RFID-based system which gives sufficient time to both producers and consumers to prepare their own RFIDbased system for service. The criterions that are of the highest preference to most management through the entire industries are:
1. The hardware and software costs 2. The contribution that system can have on the organization 3. Changing the current situation for a better one 4. Expert reliability on the RFID-based system support.
In this section, a system selection problem is under review where the most appropriate one needs to be identified using a 
Alternative Systems:
Five RFID-based systems starting with a system of 100 percent RFID and 0% barcode features and ending with a system of 40% RFID and 60% barcode features are under consideration here. 
2 Criterions:
The criterions used in this study are:
1. The hardware and software costs (C1) 2. The contribution that system can have on the organization (C2) 3. Changing the current situation for a better one (C3) 4. Expert reliability on the RFID-based system support (C4)
Criterion classification
These four criterions can be classified into two categories of benefit type and cost type as shown below: in table 6 is set up using the ratings provided by three decision makers DM1, DM2, and DM3. Expert reliability (Criterion 4) DM 1 System 1 ((0,0.5), 1,(2.5, 3.5)) ((8.5,9.5),10,(10,10)) ((8.5,9.5),10,(10,10)) ((0,1.5),3,(4.5,5.5)) System 2 ((0,0.5),1,(2.5, 3.5)) ((8.5,9.5),10,(10,10)) ((5.5,7.5),9,(9.5,10)) ((0,1.5),3,(4.5,5.5)) System 3 ((0,1.5),3,(4.5,5.5)) ((5.5,7.5),9,(9.5,10)) ((5.5,7.5),9,(9.5,10)) ((0,1.5),3,(4.5,5.5)) System 4 ((2.5,3.5),5,(6.5,7.5)) ((4.5,5.5),7,(8,9.5)) ((4.5,5.5),7,(8,9.5)) ((2.5,3.5),5,(6.5,7.5)) System 5 ((4.5,5.5),7,(8,9.5)) ((4.5,5.5),7,(8,9.5)) ((4.5,5.5),7,(8,9.5)) ((2.5,3.5),5,(6.5,7.5)) DM2 System 1 ((0,0.5), 1,(2.5, 3.5)) ((5.5,7.5),9,(9.5,10)) ((8.5,9.5),10,(10,10)) ((0,0.5),1,(2.5, 3.5)) System 2 ((0,0.5),1,(2.5, 3.5)) ((5.5,7.5),9,(9.5,10)) ((8.5,9.5),10,(10,10)) ((0,1.5),3,(4.5,5.5)) System 3 ((0,1.5),3,(4.5,5.5)) ((4.5,5.5),7,(8,9.5)) ((5.5,7.5),9,(9.5,10)) ((0,1.5),3,(4.5,5.5)) System 4 ((2.5,3.5),5,(6.5,7.5)) ((4.5,5.5),7,(8,9.5)) ((2.5,3.5),5,(6.5,7.5)) ((2.5,3.5),5,(6.5,7.5)) System 5 ((4.5,5.5),7,(8,9.5)) ((2.5,3.5),5,(6.5,7.5)) ((2.5,3.5),5,(6.5,7.5)) ((2.5,3.5),5,(6.5,7.5)) DM 3 System 1 ((0,0.5), 1,(2.5, 3.5)) ((0,1.5),3,(4.5,5.5)) ((4.5,5.5),7,(8,9.5)) ((0,0.5),1,(2.5, 3.5)) System 2 ((0,0.5),1,(2.5, 3.5)) ((2.5,3.5),5,(6.5,7.5)) ((4.5,5.5),7,(8,9.5)) ((0,0.5),1,(2.5, 3.5)) System 3 ((0,1.5),3,(4.5,5.5)) ((4.5,5.5),7,(8,9.5)) ((2.5,3.5),5,(6.5,7.5)) ((0,0.5),1,(2.5, 3.5)) System 4 ((2.5,3.5),5,(6.5,7.5)) ((5.5,7.5),9,(9.5,10)) ((2.5,3.5),5,(6.5,7.5)) ((0,1.5),3,(4.5,5.5)) System 5 ((5.5,7.5),9,(9.5,10)) ((5.5,7.5),9,(9.5,10)) ((2.5,3.5),5,(6.5,7. 
Results of Calculations for Decision Maker 3
To follow the methodology proposed for this algorithm, we need to set up the interval-valued based decision matrix for each decision maker separately. In the reminder of this article author presents the results of calculations for decision maker 3. The rest of detailed calculations for DM1 and DM2 are very similar. Using the data provided above, the decision matrix D for decision maker DM3 is shown in table 7. Using the weight given in the above table the interval-valued normalized decision matrix is determined and shown in table 8. The interval valued weighted normalized decision matrix is shown in table 9. The following table shows the details amount of distance for each alternative and by decision makers and criterions as well. Table 11 presents the aggregated distances of decision makers DM1, DM2, and DM3 using formulas (32) through (35). This means that an RFID-based system having 50% RFID feature and 50% barcode feature are the most appropriate one as far as this group of three decision makers are concerned.
CONCLUSION
Also Cornelis et al. [85] and Karnik and Mendel [86] noted that the main reason for proposing this new concept is the fact that in the linguistic modeling of a phenomenon, the presentation of the linguistic expression in the form of ordinary fuzzy sets is not clear enough. There are ways to rank competitive alternatives but ranking competing alternatives in terms of their overall performance with respect to some criterions in fuzzy environment is possible by the use fuzzy TOPSIS methodology. In this work, researcher has tried to present an effective fuzzy multi-criteria method based upon the fuzzy model and concepts of positive ideal and negative ideal solution points for solving problems with a group of multi decision makers. The fuzzy sets concepts are used to evaluate the performance of alternatives and the importance of criteria. The TOPSIS model used in this article is able to grasp the ambiguity exists in the utilized information and the fuzziness appears in the human judgments and preferences. TOPSIS technique can easily produce satisfactory results, and hence stimulates creativity and the invention for developing new methods and alternative approaches. By now, there are a number of organizations that implement RFID technology into their management systems to generate a competitive advantage, improving services and product management, enhancing productivity level, improving effectiveness and hence the efficiency. Considering the implementation of RFID into product development system then it is important to know what kind of risk and uncertainty is involved in the process and how management must proceed to make the best out of this technology.
RFID-based system selection is affected by many different factors that each plays a significant role in its success in the long run. Although management is the key thinker in the technology selection and implementation there are always several experts from different parts of the organization that are involved in the selection of new technology and its enforcement. Considering that, a group of managements are those who make decisions on the employment of new technology and its implementation and success as well.
